Abstract: Solar Photovoltaic system has become popular among the renewable energy due to free availability and low maintenance costs. Economically, the decreasing cost from continuous development adds another motive for the use of photovoltaic system. There has been a continuous study regarding the estimation on output of the photovoltaic system, in normal operating conditions. The output is subject to variations due to various environmental factors. The aim of this study is to evaluate how Design of Experiments (DoE) Method is used to model the impact of meteorological data on the electric power generated by the photovoltaic system. In this paper, the simulation and experiment based analysis has been presented and the degree of impact of irradiance and temperature on the output power of the photovoltaic module has been illustrated.
Introduction
Photovoltaic cells used for providing energy supplement has been accelerated in the last few decades. This has been boosted by environmental awareness all around. Economically the decreasing cost from continuous development adds another motive for the use of photovoltaic technology. The use has migrated from remote locations to the grid applications to satisfy the ever increasing energy demands. The performance of this technology depends on the availability of solar irradiance at the corresponding location and local temperature [16] .
The irradiance affects primarily the amount of current produced and is of the primary concern. The light intensity absorbed is affected by weather patterns and air mass. The cell temperature affects the voltage produced. As the cell temperature increases, the current produced increases slightly the same but the voltage is reduced, reducing the output power. These factors need been taken in consideration to accurately predict the energy production. The solar panel orientation must be optimum for maximum energy generation. Under non optimal placement the incidence angle will be large decreasing the energy that can be absorbed. The design procedure must take in account all these to predict the energy production. It is important to characterize the response of the system so the equipment associated with the PV panel can be sized appropriately. Photovoltaic system designers follow the specifications provided by the manufacturers for system design purposes. Instead of relying on manufacturer's data for the design and evaluation of the plant, practical models have been developed for the prediction of energy production. These studies provide an approximation of operational data with various levels of error [1, 9, 16] .
These studies make the best estimate on the performances of the photovoltaic system at any given location concurrent with the weather conditions. These studies were developed to estimate the output on field condition provide insights on the DC output performance on similar geographical locations.
There has been a lot of analysis on the influence of environmental factors on the output of photovoltaic modules. Some techniques focus on the effect on the output current and voltage as the function of varying irradiance as shown by Kerr and Cuevas [8] , while some techniques focus the effect of temperature on the performance of PV modules. There are also various models regarding the efficiency and power. These are based on the varying environmental conditions. The models point out the effect of different factors on the corresponding test sites. The complexity of the model is determined by the relevant parameter chosen during the study [10, 4, 7] .
Irradiance
The sun delivers its energy to us in two main forms: heat and light. There are two main types of solar power systems, namely, solar thermal systems that trap heat in suitable materials, and solar PV systems that convert sunlight directly into electricity. PV cells are made of light-sensitive semiconductor materials that use photons to dislodge electrons to drive an electric current [6] .
The primary constitutions for solar cells are the semiconductors, which have weakly bonded electrons occupying a band of energy called the valance band. When energy exceeding a certain threshold, called band gap energy, is applied to a valance electron, the bonds are broken and the electron is free to move around in a new energy band called the conduction band where it can conduct electricity through the material. The effect of Irradiance on the photovoltaic module is shown in Fig. 1 and Fig. 2 .
Temperature
The temperature of operation of a PV module is determined by the law of conservation of energy. The solar energy that is absorbed by a module is converted partly into thermal energy and partly into electrical energy which is removed from the cell through the external circuit [3] .
The temperature of a photovoltaic module is a key parameter for the accurate assessment of its performance. Module efficiency decreases significantly from efficiency ratings obtained at standard operating conditions based on measurements at 25 o C. While temperature effects are secondary to the influence of incident radiation, accurate measurements and estimates of the cell/ module temperature are needed to accurately estimate photovoltaic (PV) system performance and to appropriately manage PV system output.
In a solar cell, the parameter most affected by an increase in temperature is the open-circuit voltage. The voltage offered by the solar cell is the band gap voltage of the device. A crystalline silicon solar cell thus has a operating voltage of around 0.7volts. The increase in temperature thus reduces the effective voltage while increasing the current due to electron mobility [17] . The impact of increasing temperature is shown in the Fig. 1 and Fig. 2 . During the study period, the module was cleaned daily and Pmax of the solar module was measured.
The variation in power output of module was signalled by the varying values of Imp and Vmp of both solar modules and recorded into the individual data loggers manufactured using AT89s52 microcontrollers as shown in the Fig. 3 . The module temperature was measured using a DS1820 temperature sensor. Data loggers were fed by 12V/7.8Ah battery for continuous operation. A 10W solar PV module was used to charge the same battery.
Fig. 3: Experimental Setup for Data Collection
The corresponding system was also simulated using MATLAB. Data for temperature, rainfall and humidity were collected from Department of Hydrology and Meteorology, Kathmandu for the nearest meteorological site at Kathmandu airport whereas solar irradiance was measured at one of the buildings of Central Campus, Pulchowk. The values of Pmax and cell temperature were simulated using diode equation [5] and King's equation [9] respectively.
Design of Experiment
Design of Experiments (DOE) techniques enables designers to determine simultaneously the individual and interactive effects of many factors that could affect the output results in any design. DOE also provides a full insight of interaction between design elements; therefore, it helps turn any standard design into a robust one. DOE helps to pin point the sensitive parts and sensitive areas in designs that cause problems in output [11, 12] . 
where, N is set of natural numbers.
The coefficient a 0 is the value of the response in the central point of the experiment; considered to be the average response. Coefficient a i is the effect of factor i and coefficient a ij is the effect of the interaction between the factor i and j. The linear model is validated if the standard deviation is within the acceptable range. The higher standard deviation involves the requirement of higher order factors. In general, a second order model is sufficient. This second order model is shown by the equation 2.
(2) A series of recorded data and output are shown in table 2. The research tends to answer the following question.
• What effect does the temperature have on the output of the photovoltaic solar cell?
• What effect does the irradiance have on the output of the photovoltaic solar cell?
• What is the combined effect of the irradiance and temperature?
A relationship was established to verify the effect of temperature and irradiance separately using a DOE (Design of Experiment) method. Bellia et al. [2] used this method to establish the degree of effect on the output due to irradiance and temperature. This approach was used to determine the effect on the study site.
Results
The Design of Experiment was conducted using the software JMP-10. The software provides extensive statistical tool for analysis of large amounts of data. A 2 factor Design of Experiment was conducted with the output data. The factors are Irradiance and Cell temperature respectively which are the key factors determining the output of solar panel.
DOE was applied on results of Kathmandu to obtain the following correlation results as on table 3 Table 4 it is found that the P value for the quadratic factor of temperature is greater than 0.1 and hence this factor is not significant. Thus the general equation 2 is reduced to this form.
(3)
The surface response for the output is shown in the Fig. 5 . The surface response indicates a decrease in output power at higher irradiance. DOE was applied on results of experiment to obtain the following correlation results as on table 5. The prediction formula is shown in equation (4) . From Table 6 it is found that the P value for the temperature, irradiance and the interaction between temperature and irradiance are significant in the prediction formula.
(4)
The surface response for the output is shown in the Fig. 6 . The experimental study illustrated a positive interaction due to combined effect of temperature and irradiance which resulted in overall increase in output power at higher temperatures. 
Conclusion
The performance of the PV module is highly influenced by the weather, especially the solar irradiance and the PV-module temperature. In this paper, a model is presented for the PV-module performance calculations where the overall output depends on the linear and quadratic effects of solar irradiance and PV module temperature.
The study showed a negative linear relation between temperature and output power in the studies. The experimental study also concluded a negative impact which was greater than simulation. This may be due to the lack of proper heat dissipation during the experiment. The primary effect was shown by the irradiance which shows the positive effect. This is to be expected as irradiance is the primary input for the output power of the system. The interaction effect due to temperature and irradiance showed a negative impact on the output of simulation while the experiment showed a small positive impact. The quadratic factor for temperature and irradiance had shown negligible effect on the overall output.
